Three patients with aplastic anaemia had a history of substantial previous exposure to organochlorine pesticides 
Aplastic anaemia associated with organochlorine pesticide: case reports and review of evidence F P Rugman, R Cosstick Abstract Three patients with aplastic anaemia had a history of substantial previous exposure to organochlorine pesticides. The temporal association between chemical exposure and the onset of first symptoms of anaemia was strongly supportive. Organochlorines have the property of lipid affinity and accumulation in adipose tissue. Objective evidence of clinically important concentrations of tissue pesticide residues may be a useful confirmation of previous exposure. In the patients studied the presence of Lindane (y hexachlorocyclohexane) was shown using gas chromatography/mass spectrometry with selective ion monitoring of fragments obtained from one heavily exposed patient, with concentrations about five times greater than a matched control. The presence of clinically important tissue concentrations of pentachlorophenol was also confirmed in a second patient exposed to this agent.
The long term safety of organochlorine pesticides remains doubtful as they were introduced before adequate toxicological screening tests had been developed. The Three months after presentation he remained transfusion dependent with a deteriorating marrow cellularity of less than 10%; neutrophils were 03 x 109/1 and platelets 18 x 109/1-that is, severe aplastic anaemia. The patient's mother subsequently volunteered the information that the home had been chemically treated for woodworm about two to three months before the first appearance of symptoms. Moreover, the chemical had been used on woodwork in the child's bedroom which had been hermetically sealed by polythene insulating sheets covering all the windows. The patient had reoccupied this room 48 hours after pesticide treatment. The agent was subsequently confirmed by chemical analysis from woodwork as Lindane (y hexachlorocyclohexane). CASE 2 A 28 year old male computer operator presented with a one month history of headaches, exertional dyspnoea, and easy bruising. There was no relevant medical history, recent medication, or viral infection. For several months before presentation, however, he had been actively involved in renovating an old building and had applied a proprietary solution of pentachlorophenol to timber work.
The full blood count on admission was as follows: haemoglobin concentration was 5 3 g/l; white cell count was 1 5 x 109/1-neutrophils 0 A 26 year old labourer presented with a six month history of increasing fatigue and right middle lobe pneumonia. Haemoglobin concentration was 6-0 g/l; white cell count was 1-4 x 109/1, with neutrophils 0 5 x 109/1, lympho-cytes 0 7 x 10'/l, and monocytes 0 2 x 109/l; platelet count was 10 x 109/l. Autoantibody screen, full viral serology, and Ham's test yielded negative results and the biochemical profile was normal. Bone marrow aspirate and biopsy specimen confirmed severe aplasia (< 1000 cellularity). HLA tissue type was A3 Al 1 B5 B7 Bw4/6 DR2 DR4.
There was no relevant medical history or preceding medication. Some months before he had been occupationally exposed to Lindane while cleaning out the blocked drains from a pesticide plant at his work place.
Pathology CASE 1
Lindane (live DDT) is a persistent residue in human adipose tissue. 1-3 A 10 3 g specimen was biopsied from subcutaneous abdominal adipose tissue under general anaesthesia. Fat was extracted in Hexane4 and the resulting solution analysed for Lindane using gas chromatography/mass spectrometry with selective ion monitoring.
Gas chromatography was performed on an OV351 capillary colun-n with a linear temperature gradient of 120°C to 200°C over eight minutes: under these conditions the y-isomer of Lindane eluted at seven minutes 54 seconds. Benzil (molecular weight 210), used as an internal standard, eluted at eight minutes 25 seconds.
Fragments corresponding to Lindane-HCl (masses 252, 254, 256) and Lindane-2 HC1 (masses 217, 219, and 221) were clearly observed. The relative intensities of these signals and their retention times in the gas chromatography column were also characteristic of Lindane (fig 2) .
The concentrations of the pure y-isomer were about five times higher than the age matched urban control with no evidence of occupational or high exposure. The absolute value reported (25) (26) (27) (28) (29) (30) parts per billion) is of uncertain importance as we could find no comparable studies using this method of analysis to establish the range of isomer concentration in the "normal" population. This result has, however, been subsequently confirmed by independent analysis.
Progress
As there was no available HLA matched sibling bone marrow donor, treatment was started with intravenous equine anti-thymocyte globulin 15 Progress Following a period of observation with no change in peripheral blood counts a central venous line was inserted and treatment started with anti-thymocyte globulin at 20 mg/k/day intravenously for eight days with oral oxymetholone 100 mg twice a day. On completion of anti-thymocyte globulin treatment he was given (on a reducing dose) prednisolone to treat the associated serum sickness. Subsequent progress was complicated by several septicaemic episodes, which responded to intravenous antibiotics, and persistent retinal haemorrhage requiring platelet support. There was no evidence of response to anti-thymocyte globulin at 10 weeks. Although histologically incompatible in one HLA type with a sibling, the mixed lymphocyte culture was non-reactive and arrangements were made for allogeneic bone marrow transplantation. Unfortunately, he developed severe pneumonia, which did not respond to antibiotics, with sputum evidence of aspergillus. In spite of intravenous amphotericin he deteriorated with progressive pulmonary failure that required assisted ventilation. Pulmonary aspergillosis was confirmed at necropsy. CASE 3 Progress Initial treatment with antibiotics was started, followed by high dose intravenous methyl prednisolone at 20 mg/k/day for three days, reducing to 10 mg, 5 mg, 2 mg, and 1 mg each for three days. Four weeks later peripheral blood count showed a response with haemoglobulin at 11 5 g/l, 4 Lindane has been identified in the tissues of patients in very few case reports.'4 The sensitive method of mass spectrometry has only recently become available for tissue analysis and we accept that the incidence of aplastic anaemia from confirmed pesticide exposure must be very low. Lindane (hexachlorocyclohexane), however, has well documented direct biological activity: hexachlorocyclohexane is a structural analogue of inositol and inhibits phosphatidyl-inositol synthesis as the 2°trans-membrane messenger for growth factor stimulation.'5 16 Hexachlorocyclohexane or its metabolites induce chromatid breaks in vitro in human lymphocytes'0 indicating potential genotoxicity to haemic stem cells.
Both the above mechanisms seem unlikely to be the cause of aplastic anaemia, as you would expect to observe inevitable dose dependent pancytopenia which is reported more commonly with organochlorine pesticide exposure. Our case reports must therefore represent a rare, probably idiosyncratic, reaction.
Aplastic anaemia has been regarded as a premalignant disorder of haemopoiesis or even a variant type of pre-leukaemia. A well documented and convincing case reports the simultaneous development of "paramyeloblastic" leukaemia in two 20 year old cousins after prolonged and simultaneous occupational exposure to hexachlorocyclohexane."' Familial or genetic sensitivity is therefore strongly suggested in these cases.
It has been shown that marrow sensitivity to chloramphenicol seems to have a genetic element and that aplastic anaemia of any cause has been associated with certain histocompatability antigens and to DR2'8 and DPw3'9 in particular. It may therefore be important that cases 1 and 3 both possessed DR2 antigens. Several diseases with an immunopathological component are known to be associated with the DR2 antigen, including Goodpasture's syndrome and multiple sclerosis. A cell mediated immunological mechanism has long been proposed in the aetiology of aplastic anaemia. The success of specific immunosuppressive treatment (anti-thymocyte globulin or cyclosporine) in up to half the patients with aplastic anaemia in recent trials would also support an immunological mechanism in these cases.
Moreover, the two cases reported here which responded to anti-thymocyte globulin both shared the DR2 antigen, suggesting that there were shared features of autoimmunity.
Certain biological features associated with organochlorines and Lindane, in particular, also suggest why this agent may produce idiosyncratic marrow damage, possibly via immunological mechanisms. Lipophilic accumulation' Fat is an important element in the stromal support of haemopoiesis,20 and therefore a propensity of hexachlorocyclohexane to persist in marrow adipose tissue may increase the risk of interaction with lympho-haemopoietic function. For example, y hexachlorocyclohexane inhibits phytohaemagglutinin stimulation of lymphocyte growth. 2' We suggest that organochlorine pesticides or their metabolites may become antigenic by interacting with certain rare unidentified human leucocyte antigen molecules (possibly in linkage disequilibrium with known HLA groups) and thus induce an autoimmune reaction that is responsible for the continuing marrow damage.
Apart from immunological mechanisms, idiosyncratic reactions may be due to abnormal metabolism or excretion of a chemical or drug, leading to its accumulation in excessive concentrations. One elegant study showed impaired oxidation of phenylbutazone in patients with aplastic anaemia attributed to this drug. 22 Alternatively, metabolic or immunological mechanisms may be superimposed on a genetically determined haemopoietic stem cell abnormality or previous stem cell damage, thus resulting in aplastic anaemia.
Clearly there is a need for a more open and stringent evaluation of the hazards posed by agricultural chemicals.23 Little is known of the long term effects or mechanisms of toxicity of many pesticides. 24 The patterns of exposure and rarity of many disorders show the limitation of purely epidemiological research. Indeed, the incidence of aplastic anaemia in developed temperate countries is only of the order of 3-6 million population per annum. 25 Investigation of the aetiology of aplasia is further obfuscated by the delay of up to six months between exposure to a toxin and the development of pancytopenia."' Well documented case reports, however, may contribute information on the suspected toxicity of these substances and serve to corroborate the recent recommendation of a standard centralised record system.24
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